Abstract
Introduction
Projections show that by the year 2050, the population of Americans aged 65 and older will grow to 83.7 million [38] . For many older adults, the aging process may include relocating to a nursing home, moving closer to family, or moving in with family. Older adults often significantly lose contact with their network of family and friends once they move to a nursing home facility. They also tend to lose contact with these same groups if they become immobile when living at home. While the familiarities of an older adult's home surroundings provide comfort, there is still a loss of connecting with people, sharing experiences, and stimulating conversations. In one study with approximately 308,000 participants, the results show that individuals with adequate social relationships were 50 percent more likely to survive compared to their counterparts with poor or insufficient social relationships [29] . What is striking about Holt-Lunstad, et al. [29] findings is that a lack of social relationships is as much a health risk as obesity, smoking, and many other known risk factors. To fill the need for social relationships, advances in social technology might improve an older adult's social relationships and increase his or her survival.
From the MacArthur Study, the research focus was on what the authors identify as an orientation toward "successful aging" [46, p. 433] . Demands for improvements in our aging population are increasing. Researchers who have studied successful aging summarize these demands stating, "Our society's core institutions (schools and colleges, workplaces, hospitals, families, and others) were not designed and did not develop to serve a population with the age distribution we are approaching" [47, p. 594] .
While not a substitute for the core institutions, social media platforms (i.e., Facebook, Instagram, Twitter, etc.) have the potential to provide older adults with a connection to friends and family. In addition, the internet has helpful information for day-to-day decisionmaking. However, there are unique challenges when the older population-age 65 and older-accesses technology [27] . These technology challenges are beyond those of new learning experienced by the digital natives [33] . The millennial generation, who are digital natives, use computers daily in the ubiquitous age of digital technology [40] and often interact socially and professionally using technology [33] . Older adults are people who were born before the digital age and adopted technology later in life, which fits the category of digital immigrants [40] . These immigrants may not have the resources to access social media, such as a handheld device, internet connectivity, or a resource for technology training to name a few. After addressing these challenges, an older adult may experience issues with internet service, vendor modifications to application security, incessant changes in technology and more. Even so, within all generations, some people may choose to have relationships by way of social media and some may not.
Researchers on aging have found that brain exercise [44, 57] and social integration [7] lower the risk of depressive symptoms [10] and dementia in older adults. Furthermore, brain exercise and social integration reduce the risk of cognitive decline [52, 55] and healthrelated quality of life issues [57] . The habitual activities found in the use of social media might be a source for developing cognitive speed of processing and social interaction in older adults. Hence, an investigation through the theoretical lens of social inclusion may produce findings that social media has a positive effect on the lifestyle and quality of life decisions made by older adults.
In the design of this project, beyond this current literature review, we envision evidence-based research in the application of interventions that could supplement the social interaction of older adults. This investigation will include a collaboration between academic research and community service where older adults use social media as a supplement to their existing social interaction. The objective is to advance existing social processes through technology innovation. Reengineering or developing new processes may lead to best practices towards a sense of belonging within older adults' everyday lives, regardless of whether the older adult is living an independent life or receiving some form of assisted living.
The following research questions lay the foundation for this investigation: What are the age-relevant adaptable factors in technology that make social media acceptable to older adults? And how is the well-being of an older adult impacted when they experience an increase in social engagement through social media? This literature review lays the foundation for the research objectives and questions we seek to understand.
Theoretical background
The internet is an extension of personal relationships with both negative and positive consequences [13] . For today's aging population, the internet may be a source for extending the benefits and worries of being socially included in relationships as well. However, internet resources may not be conveniently available for older adults. In a 2016 study, the Pew Research Center finds that 13 percent of Americans do not use the internet and within that percentage 41 percent are over 65 years old [3] . Even so, separate studies on digital social inclusion [37] , computer-based cognitive speed of processing training [52] , and social network and social integration [30, 7] show that each of these areas improve the quality of life in older adults. The following discussion develops a theoretical background for this research. Specifically, this review focuses on social inclusion within the context of acceptance of technology, older adults, and the implications of older adults using technology to enhance their quality of life. It includes discussion on cognitive speed and the challenges that older adults face when using technology.
Theoretical lens in social inclusion
Social inclusion refers to "the extent that individuals, families, and communities are able to fully participate in society and control their own destinies, taking into account a variety of factors related to economic resources, employment, health, education, housing, recreation, culture, and civic engagement" [56, p. 8] . Navigating these areas as an older adult can be challenging and disorienting. Certainly, adults of all ages may experience social inclusion and social exclusion. However, older adults may experience gradual physical challenges while, at the same time, experiencing greater need for healthcare technologies. For example, age, physical disabilities, and partner loss all impact social engagement [45] . Disability includes many subcategories such as losing or diminishing eyesight, muscular control, and mobility. Older adults may be socially excluded because of their physical disabilities, their spouses' disabilities, or because, to society, they are not considered as their families and friends plan future events [50] .
Studies suggest that activity is not necessarily fitness, but it includes establishing a sense of worth, social engagement, enjoyment, and productivity [23] . Li and Perkins [32] found that attitudes and a willingness to learn influence learning. Virtual communities may stimulate a sense of worth and social engagement. These communities may reduce the level of isolation, particularly for the older adults who have trouble with disabilities or mobility [9] . In addition to reducing levels of isolation, studies have also found that social networks benefit the health and well-being of individuals [37, 54] . Across gender and race, accounting for levels of disability, results show that there is an association between social engagement and disability. In fact, more socially engaged older adults reported lower levels of disability [19] .
Cushman and McLean [16] call for ethical responsibility among information systems (IS) researchers. As the field seeks to develop innovations to improve living conditions, we need to consider those who are the least powerful as well as those who are privileged. Studies also reveal that researchers seeking to improve the quality of life in a target population may potentially harm rather than help, specifically if Page 3283 researchers do not consider the full context of the population they seek to help [2] . For example, Cornford & Klecun-Dabrowska [14] warn that information and communication technology can potentially contribute to isolation when they displace established face-to-face meetings for online discussion groups. If the technology is introduced without understanding the complexities of the integration, the technology can negatively affect the users. In addition, it is important to continue to track users' interactions with the new technology as exclusion is typically not an abrupt change but occurs over time [32] .
The IS discipline has developed robust models to predict technology acceptance. One framework example is the Technology Acceptance Model (TAM). Key variables in TAM are the perceived use (PU) of a technology and the perceived ease of use (PEOU) of a technology. Specifically, PU and PEOU focus on important attitudinal factors, which are influenced by a user's inabilities or situational constraints [17] . Using the TAM model, 40 percent of an individual's intention to adopt technology can be determined [39] . Another framework example, Unified Theory of Acceptance and Use of Technology (UTAUT) [53] , builds on TAM and explains up to 70 percent of an individual's intention to adopt a technology. The additional explanation involves adding the factors of social influence and facilitating conditions, and four moderating factors of gender, age, expectations, and voluntariness of use [39] .
Given that the age of a user affects his or her attitude toward new technology, interaction between a person and technology can either support or deter a person's activity [31, 35] . Attitudes may also fluctuate over time or fluctuate based on factors such as health, social engagement, and emotions. Peek, et al. [39] note that TAM and UTAUT do not allow for this fluctuation. In addition, Chen and Chan's [11] literature review also found TAM as a useful model, yet with three research limitations when studying older adults: 1) few studies consider age-related factors, 2) studies did not consider causal inference and recommend a longitudinal study, and 3) most participants were from the U.S. or Europe, which is a limited number of cultures.
Renauld and van Biljon's [41] research focus was on older adult acceptance factors, which starts from the time someone is aware of a technology to the time they make full use of that technology and adoption phases, which starts with the purchase of a technology through acceptance or rejection. Understanding the acceptance and adoption of technology by older adults could be used to model their use of mobile phones. Because of their findings, Renauld and van Biljon [41] propose the Senior Technology Acceptance & Adoption model for mobile technology (STAM). The emphasis of the model is that an older adult user is a different kind of user from that of a younger age user. For example, it is beneficial that an older adult be able to regulate his or her own speed of information processing.
In subsequent research, Chen and Chan [12] studied STAM among older Chinese adults and noted that the price of the technology is often not included. While 68 percent of the variance in technology use was explained, the authors concluded that 32 percent of the variance might be attributed to an unknown variable. In their literature review, Chen and Chan [11] state that older adults understand that innovative technology is beneficial. Yet, older adults believe that they do not have the skills required to use these technologies. Therefore, they will not benefit from them. The researchers conclude that acceptance is strongly tied to ease of use [12] .
Building upon TAM-including TAM2 and TAM3, and UTAUT-Merkel, et al. [34] maintain that technology needs to be adopted and used on three levels-the product or the innovation itself, the user's characteristics, and the environmental and contextual framework. As more products include designs to support the needs of the elderly, it becomes important that the IS discipline considers older adult factors. The aging population is not a homogeneous group; therefore, many factors beyond their physical or cognitive change affect the aging process [34] .
Textures, pressure, and spatial acuity decrease with age. Therefore, older adults often struggle with technological devices that require tapping small icons, pressing seemingly very small buttons, or using a stylus in addition to right clicking or using a mouse [11] .
Peek et al. [39] provide an overview of factors influencing electronic technology acceptance. Knowing that technology acceptance factors fluctuate over time, the authors distinguished between factors in the preimplementation and post-implementation state. Reviewing qualitative, quantitative, and mixed methods research, the researchers targeted participants living in communities with adults who were 60 years of age and older. The authors found 27 factors that influenced electronic technology acceptance and divided these factors into six themes: technology, benefits of technology, need for technology, alternatives to technology, social influence, and characteristics of older adults.
Chen and Chan's [11] review of the 19 studies used for their analysis found that only two studies examined actual usage. Instead, most studies relied on the participants' self-reporting [11] . We believe that reviewing the literature in the area of assessing the technology use of older adults will open rich meaningful approaches for investigating the potential for social inclusion of an aging population. Therefore, within the context of this current review, our definition of social inclusion intentionally considers older adults who have often been the least privileged in the era of digital technology. This older adult population, enabled with skills and technologies, may see significant improvement in their health and well-being.
Cognitive training
Research findings show that interventions to address cognitive decline in older adults with mild cognitive impairment have been successful [52] . While cognitive pharmacological approaches have not been effective or have had mixed results [52, 20] , cognitive speed of processing training has improved the everyday functional capabilities of older adults [52, 5] . Today, speed of processing training is a computer-guided drill of brief nonverbal exercises where the trainee progresses through discovery and identification that gradually increases to reach a target speed and difficulty level [5] . Hence, Wolinsky et al. [57] found in their longitudinal study of 1,804 participants that two years after training, those who underwent speed of processing training were less likely to have extensive health related quality of life decline when compared to their control group. In addition, when compared to memory and reasoning training interventions in Wolinsky et al.'s [57] study, those involved in training for five years, including processing speed, working memory, and intervention reasoning (i.e., fluid cognitive ability [36] ), were all successful at reducing health-related quality of life decline.
As a practical example, in a 10-year study on driving cessation in older adults, findings show that adults who underwent reasoning training were 55 percent less likely to quit driving. Moreover, adults who underwent speed of processing training were 49 percent less likely to stop driving-a percentage that increased to 70 percent when additional speed of processing training was administered [44] . These findings are significant as they further support the literature that older adults who cease driving may experience depression, health decline, and lack of social engagement. Also, these findings support the Wolinsky et al. [57] findings that health-related quality of life is a result of speed of processing training in older adults. The position that cognitive ability from memory and reasoning training enhances health-related quality of life and driving cessation is true as well; however, the time needed to realize the benefit of memory and reasoning interventions is longer than speed of processing training. The quick fluid cognitive ability increase, through speed of processing training, may encourage older adults in the use of technology. That is, a technology focus that encourages older adults in their cognitive abilities could potentially reduce depression and health-related quality of life issues in their lives.
The designs for assessment and involvement in training have progressively moved from labor-intensive activities (i.e., flash cards, puzzles, manual writing/drawing exercises, video simulations, etc.) to digital formats. Computer-based training programs, once distributed through floppy diskette and compact disk (CD) increased the accessibility to training material. Today, computer-based training programs over the internet have not only increased distribution in an anytime, anywhere, any device society; in addition, they provide a means for scoring and recording instantaneous feedback of training results. Over time, easy access and quick assessments are principally due to collaborative interaction of downloadable applications over the internet or interaction provided from cloudbased applications. Of equal importance is the increased availability of cognitive training applications with an emphasis on maintaining brain activity. For example, commercial applications, aimed at self-aware consumers looking to maintain fluid cognitive awareness, claim cognitive improvement with daily use. In addition, applications developed for health care professionals, educators, and researchers for assessment or intervention founded on test-retest evidence-based claims.
Just as the distribution of training has changed, so have the devices used to access information. Mobile technology devices have transformed the end-users' access to information. Gartner, a leading worldwide practitioner research firm that makes recommendations about technology to business, predicts that by 2018 fifty percent of all online activity will involve access through tablets or smartphones. In emerging countries, mobile devices will be the only access used and in developed countries, multiple devices will be the norm with mobile devices as the first choice [43] . Gartner further reports that tablets are the fastest growing computer device for users [43] . The Pew Research Center, in their own study on technology ownership, indicates that 45 percent of adults in America own tablet computers, up from only 3 percent in 2010. The study shows that this is the largest increase among digital devices (e.g., cellphone, smartphone, desktop/laptop, tablet computer, game console, MP3 player, e-book reader) [4] .
Our literature review combines the value of older adult speed of processing interventions and tablet technology integration. Moreover, the initial theory introduced in 1974 suggests that a slowing of cognitive speed of processing reduces one's cognitive ability during aging [8] . Subsequent research supports this theory and further reveals that speed of processing degeneration accounts for a significant percentage of cognitive decline in aging over time [48, 20] . Whereas, memory and reasoning training targets the improvement of cognitive performance, speed training targets the practice of tasks to increase the speed of processing information. Furthermore, extant results show that education and age are not related benefits of training; however, those who have the most room to improve basic fluid cognitive ability benefit the most from speed training [5] .
Additionally, computer-based speed of processing training on tablet devices is the chosen intervention for this current research. The popularity of tablet devices over other types of devices seems to be appropriate for routine tasks that may easily become habitual for older adults. Against the background of a low-risk training protocol, accessible application, and popular device technology, we assert the following proposition:
Proposition: An older adult involved in computerbased speed of processing training will experience greater cognitive promptness when processing tasks with information.
Social network and social integration
Cognitive and functional loss in older adults decreases social interaction and physical activity, which negatively affects quality of life [22, 57] . Some studies in the 1990s report that there are no findings that social network [1] and social engagement [28] are a concern for reducing cognitive ability. However, recent studies produce findings that social relations from both social network [7] and social integration or engagement [30, 7] have a protective effect on cognition. Béland et al. [7] define social network "by their structure (types and number of social ties, proximity of relationship) and function (frequency of contact, reciprocity, social engagement)" and social integration as "community such as belonging to neighborhood or religious groups or nongovernmental organizations" (p. 323). Finally, social engagement is how one feels he or she has helped or feels useful to a family member or friend [7] .
Scholars have found that participation in frequent social connections and social activities tend to prevent cognitive decline [6] , and that a rich social network with creative education or interactive activities may decrease dementia risk [55] . Whereas, social engagement findings have been interpreted as reducing the risk of cognitive decline [55, 49, 30, 15] , even after adjusting for age and education, social disengagement findings have been interpreted as a possible risk [6, 15] . Interestingly, some researchers interpret the benefits of social interaction through findings that the frequency of relationships can either be positive or negative (social demand or social conflict) [30, 49] .
Older adults with more frequent contacts in larger networks relate more positively and retain better cognitive health [15, 30] .
Contacts in these investigations are defined as phone calls or visits from people that the older adult keeps in touch with [30] . Holtzman et al. [30] found that frequent contacts in larger networks and the level of emotional support related positively to cognitive health. Moreover, other researchers find that the size of a network is not always as important as having a meaningful and supportive exchange within a network [24] . For example, a person who has no social ties is two times more likely to experience cognitive impairment than one who has only five or six social ties [6] .
The following case illustrates a real-world application of the need for social network and social integration aside from the cognitive advantages. In a 5-year study on the effect of older adult widowhood, researchers investigated formal and informal social roles. In the researcher's definitions a formal social role (social integration) includes attending meetings, participating in religious events, and committing time to volunteer work. An informal social role (social network) includes interacting over the phone and socially with friends. While a spousal loss did not increase one's social integration, the loss was instrumental in increasing one's social network. A significance of this research is that an older adult does not tend to pursue an active social participation replacement. Findings reveal that older adults tend to rely on and connect with lifelong relationships for stability in social relationships [51] . Social technology can help older adults maintain those relationships.
While necessities are the basics of life, sometimes a simple contribution to an older adult's day is grasping the concept of a computer application [42] . Technology has become valuable and sometimes a necessity in the personal life of most people living in developed countries. Technology connects people, occupies time, and provides access to information [26] . Researchers are finding that the importance of technology extends into the life of older adults as well. Older adults do not know about the many technologies available to them; they are resistant to using technology or they are more concerned about what seems to be the complexity of technology [25] . Yet, there is little participation opportunities for the older adults on how technology can address their social needs [26, 9] .
Hasan & Linger's [26] two-year study involved conducting computer classes in two older adult care facilities. The focus was addressing the preferences of the participants in weekly classes. The technology was a mix of second-hand equipment connecting to Wi-Fi and personal devices (e.g., laptops, iPads). The adult's choice of technology activity and device was what Page 3286 interested him or her and was constant with his or her desires throughout the training. The salient point in the research findings is that an older adult was most gratified when he or she used technology for what he or she wanted to accomplish (i.e., email, video call, word processing, etc.). There was little interest in social media, but a few set up a Facebook account for family connections.
Hakkarainene's [25] research focuses on social representation theory as verbal and behavioral expresses about something as a social group, in this case, older adults in the use of technology. Within their representation, technology is one of four dichotomous senses of two branches of something the adult is not familiar with, that is, (1) it is either useful or useless, (2) creates freedom or dependence, (3) use is risky or use is not risky, and (4) is similar too or different from. These senses involve an understanding that the older adult develops from his or her own observations or images of technology gathered from family and friends, work history, lifestyle, and other society inputs. Hakkarainene's interpretation of the findings is that older adults should have social representation programs developed to inform, train, and support them as equal citizens of technology in a digital world.
Hence, research on the use of current handheld device technology found that older adults had greater acceptance of the digital world with tablet technology. The use of iPads created a sense of social interaction and an increase in overall technology ability [18] . The inference found in the three investigations discussed above is that appropriate information, training, and modern day devices revealed positive and significant results with older adults. While these projects were not a direct study of social media with older adults, there was some interest in social media. Delello and McWhorter [18] noted that there was social interaction with the devices among the older adults they studied, which created a positive impression about technology in that social group.
The expectation is that in an older adult's lifetime he or she changes from a lifestyle of engaging and demanding cognitive activities. Additionally, during aging, one's biological changes may put restrictions on cognitive function stimulation through physical health and reduce motivation to engage in activities [28] . Because of a reduction in demand for cognitive activities and restrictive physical activity, nonphysical methods of maintaining fluid cognitive ability need to be the focus for older adults.
In considering our future investigation, assessing participants and involving them in speed of processing interventions is an appropriate first step. We find that one's education is not a factor in the task of processing information in older adults [5] and that there is a defined ceiling when speed of processing is sufficient for fluid cognitive ability [44, 5] . That said, our future investigation has relevant measures for assessing the validity of participant involvement, since our study proposition is to understand one's ability to engage in information tasks. In addition, to accomplish technology tasks some researchers have found that older adults favor tablet technology as a personal device.
For the purpose of our investigation, social network refers to the people that a participant has a personal relationship with and keeps in touch with regularly over a six-month period [30] . We believe this is important since researchers have shown that social network and social engagement are an element in the quality of life of older adults.
Proposition: Older adults will use social media on tablet devices to connect with their social network.
Summary
Research findings reveal that physical, social, and mental activities are evidence for the prevention of dementia late in life [21] . While some activities, such as physical ones, become more difficult to maintain over time, speed of processing interventions continue to act as deterrents to reduced cognitive ability [52] . It seems appropriate that the body of knowledge include findings on how speed of processing interventions may increase the use of social media by older adults.
Face-to-face communication is important for an intimate relationship. Yet, while virtual communication through social media may not be a substitute for an intimate relationship [13] , social media may continue a relationship or help restore a relationship. Relationships also change when older adults move or are separated from family and friends due to illness [13] . Social media might be a substitute that allows for relationships when separation occurs, due to an adult child's mandated independence or through the separation of an uprooted friend.
Social media, as a tool, may provide a form of social integration and cognitive speed training needed to improve an older adult's quality of life. Similarly, we have begun to understand the value of tablet technology for older adults. The simplicity of use, size, and integration with cognitive exercises and social media may be the combination needed for a larger number of older adults to use technology.
In this literature review, we sought to understand if speed of processing intervention is a catalyst for helping older adults consider the use of social media and, in addition, if an approach for greater social inclusion through technology will have a positive and significant Page 3287 effect on an older adult's sense of social engagement. Finally, we wanted to understand if a commercially available end-user device might be available that older adults would begin to feel comfortable using. We believe that this review has provided reasonable evidence in the literature to develop propositions for future research.
Implications
Social inclusion involves intentional actions and processes. It also anticipates obstacles that might impede users from accessing important and necessary resources, like technology. While technology might be easy to access for some, an older adult's station in life might potentially make accessing technology difficult. As discussed in our review, many of the studies depend on user self-reports. We believe that there is much rich data beyond self-reports that will provide important insights and significantly assist older adults as they continue to use technology.
Li and Perkins [32] conclude their study about the implications of technological developments on the elderly by stating that society has a responsibility to encourage technological learning in the elderly population. In their summary, the authors remind us that technologies are becoming more advanced and more sophisticated at a time when our aging population is increasing.
As our aging population increases, demand for technologies that improve the quality of life, health, and well-being of the population will increase. This review has exposed the potential for a study on older adult quality of life through speed of processing, social network, and social integration. The aging population, like other subgroups of the population, is complex and heterogeneous. In addition, as our population grows older and lives longer, we are living in a world with a higher mean age. As seminal research to address that point, the MacArthur Study refers to the need for successful aging [46] , and it is in this mindset that we position future research. There is still much to study about our aging population and their use of technology, since both are changing every day.
Conclusion
Technology has improved our lifestyles, making our friends, colleagues, and family accessible at any time no matter where we live or work in the world. We live in a world that requires connectivity, and we are motivated to learn early in life how to navigate these technologies because of individual needs, desires, and social demands. Yet, we also realize that for the aging population, the skills that were once second nature may become extremely difficult. This paper reviewed the value of speed of processing training, challenges that the older adults face as they use technologies, and how social inclusion might provide significant insights. Rather than advocating for the traditional methods of teaching and exploring technology, we propose that the IS discipline first needs to understand how an older adult might interact with technology and improve the quality of their life.
Past studies reveal findings on the significance of cognitive speed, social interaction, and social networks. In addition, some investigations use interventions that reduce the risk of cognitive decline and increase quality of life. We believe these findings may adapt to an older adult's use of social media and open opportunities for managing everyday functional capabilities as well.
This review has not considered the copious extant research findings regarding older adult cognitive development and the same is true for social network. Our discussion herein is not denying the validity of other approaches. Rather, our review is laying the foundation for incremental finding to the body of knowledge. We believe that this knowledge will grow exponentially as results from future studies improve the lives of older adults.
Future research
As evident by our discussion, we are designing an experimental research project for introducing social media to older adults. This literature review is part of the scholarly structure for a manuscript to document a field investigation. We have a parsimonious research design for an exploratory investigation to help us reduce rival explanations in our future findings. Potentially, new understandings from our near-term future research will promote an advancement in design to include additional variables and complexities for understanding the aging population in future studies.
